A simple and improved method of continuous-flow analysis for total and direct bilirubin in serum is described. Advantages of the method are: small serum and reagent volumes; the use of less concentrated caffeine solution in the accelerator; the substitution of distilled water for hydrochloric acid in the direct bilirubin channel; and the close agreement of results obtained by the present and Jendrassik-Grof reference method when purified bilirubin is used as the calibrating standard.
Measurement of serum bilirubin is clinically important in the assessment of jaundice. Lolekha and Limpavithayakul! have noted the discrepancy between direct bilirubin values determined by two basic AutoAnalyzer (AA-I) methods-3 and the Jendrassik-Grof reference manual method modified by Gambino." Additional evaluation of the Technicon AutoAnalyzer II (AA-I1) method for serum bilirubin (manifold numbers 17D-A023-C2 and 17D-A05S-C1) also indicated falsely elevated direct bilirubin values when these were derived from a calibration standard of total bilirubin.
The present study describes simple AA-I and AA-I1 analytical manifolds with modifications in reagents, pump tubing sizes, and diazotisation timings in order to obtain results of total and direct bilirubin which agree with those of the Jendrassik-Grofmethod.
Material and methods APPARATUS 1 The AutoAnalyzer system modules (Technicon Instrument Corp, Tarrytown, NY 10591, USA):
(a) AA-J: sampler II, pump II, two colorimeters with 15 mm tubular flowcells, two sets of 600 nm filters, and a slim-line two-pen recorder;
(b) AA-II: sampler III, pump III, two singlechannel integrating colorimeters (SCIC) with 15 mm tubular flowcells, two sets of 5S0 nm filters, a twopen recorder, and a modular digital printer; 2 A Coleman Junior II-A spectrophotometer (Coleman Instruments, Oakville, III 60521, USA).
2 Sodium nitrite. Dissolve O' 5 g sodium nitrite in a 100 ml volumetric flask and dilute to volume with distilled water. 3 Mixed diazo reagent. Add 2· 5 ml sodium nitrite to 100 ml sulphanilic acid and mix well. 4 Accelerator. Dissolve 9 g caffeine in 500 ml boiling water. Add 45 g sodium benzoate and 90 g anhydrous sodium acetate. Dissolve and adjust to 1 litre with distilled water. 5 Distilled water, pH 5'7-5·9. 6 Ascorbic acid. Dissolve 4 g ascorbic acid in a 100 ml volumetric flask and dilute to the mark with distilled water. 7 Alkaline tartrate. Dissolve 50 g NaOH and 175 g potassium sodium tartrate and make up to 1 litre with distilled water. STANDARDISATION 1 Bilirubin stock standard (a) Versatol pediatric, 216 mgll, A commercial reference serum (General Diagnostics, Division of Warner-Lambert Co, Morris Plains, NY 07905, USA).
(b) Bilirubin in bovine serum albumin, 200 mgll. Accurately weigh purified bilirubin from bovine gall bladder (Sigma Chemical Co, St. Louis, Mo 6317S, USA) and prepare according to the method of Doumas et al. 5 2 Bilirubin working standard. Freshly dilute either Versatol pediatric or bilirubin standard in bovine serum albumin with distilled water at a dilution of zero-, two-, four-, 10-, and 20-fold. REAGENTS 1 Sulphanilic acid. Dissolve 1 g of sulphanilic acid in SOO ml distilled water. Add 15 ml concentrated HCI and dilute to 1 litre.
OPERATING PROCEDURE
The flow diagrams for simultaneous determination of total and direct bilirubin on the AA-I and AA-II 262 ' .
-.
.. Total bilirubin standard (100 mg/I) 3-4 Distilled water 5-36 Unknown sera 3 Allow the sample probe to aspirate the standard in cup no. 37 for 2 minutes and then cycle it to rest in the water well for 2 minutes. 4 Repeat step 3 for standard in cup no. 38. 5 Continue to aspirate the rest of the samples. 6 As the total bilirubin peak of the first standard reaches its steady state, adjust the STD CAL control of the A colorimeter until the CONCENTRATION displays 50 mg/l and the recorder pen is positioned on the 25 chart recorder unit. 7 Turn the CHART DRIVE off when the pen has returned to baseline. Quickly switch the INLET stream of total bilirubin to INLET of the B colorimeter and vice versa in order to calibrate the direct channel using the colour reaction of total bilirubin. This alternation causes a shift in reagent baseline of both channels (Fig. 3 ). 8 Adjust the STD CAL control of the B colorimeter until the plateau of total bilirubin in the second standard is on the 27-28 chart recorder units. Table 3 Analytical recovery of total and direct bilirubin in three mixtures by present method 9 After the pens have returned to baseline reverse the INLET streams to their proper position. 10 Proceed through the whole process and rerun serum blank correction for samples of moderate and marked haemolysis and turbidity using sulphanilic acid in place of diazo reagent.
Results

ANALYTICAL VARIABLES
Steady state, interaction, and precision
A typical strip chart recording of total and direct bilirubin is shown in Figures 4 and S . The degree of steady state achieved for low, middle, and high concentrations is shown in Table 1 . Sample interaction from the differences between high to low, high to middle, and middle to low bilirubin levels was small and insignificant (Table 1 ). Precision was assessed by repeatability and reproducibility. The respective means, standard deviations, and coefficients of variation are shown in Table 2 .
Sensitivity and linearity
The present method for serum bilirubin is very sensitive; bilirubin concentration as low as I rngjl can be quantitated (Figs. 4 and 5) . Figures 5 and 6 show the excellent linearity of the present method in detecting total bilirubin up to 216 mgt\.
Recovery analysis
Results of recovery analysis performed as mixtures of individually analysed sera are shown in Table 3 .
Comparative study
Comparison of total and direct bilirubin results obtained by the manual Jendrassik-Grof and the present method in 96 randomly selected sera performed on 15 consecutive days revealed excellent agreement and correlation, as shown in Fig. 7 and Table 4 .
INTERFERENCES
Haemolysis
Fixed amounts of various degrees of haemoglobin solutions were added to each series of three different bilirubin samples and subjected to analysis by the Jendrassik-Grof and present method; the results are given in Table 5 .
Turbidity
Fixed amounts of samples with various degrees of turbidity were added to each series of three different bilirubin samples, which were then analysed by the Jendrassik-Grof and the present method; the results are given in Table 6 .
Normal range
The reference values estimated by the percentile Fig. 7 Correlation of total and direct bilirubin results by present AA-I and AA-II with (upper) and without (lower) blank correction with Jendrassik-Grof method.
method" in serum from 75 apparently normal men and women gave a range of 5-12 and 2-3 rng/! in men and 5-10 and 2-3 mg/l in women for total and direct bilirubin, respectively; these ranges are similar to those found in the study of Gambino and Schreiber. 7 
Discussion
Since conjugated bilirubin is not available for standardisation, its value must be derived from the known value of purified total bilirubin in calibrated standard." The differences observed previously and the proportional positive bias of the direct bilirubin fraction! is probably due to a composite reaction of direct and indirect bilirubin related to differences in diazotisation timmg in the Gambino-Schreiber, Simmons, and Jendrassik-Grof methods (Table 7) . Therefore, apparent elevation of direct reacting pigment can be ascribed to the over-diazotisation of direct bilirubin and to the comparison of its elevated absorbance with the underdeveloped absorbance of total azobilirubin in previous continuous-flow methods-3 when the Jendrassik-Grof method is taken as the reference,
In the present study, we extended the diazotisation timing of total bilirubin to approximately 5-7 minutes (Table 7) . Although our select timing is less than that of the Jendrassik-Grof method, it is still sufficient; we found that total bilirubin rapidly developed its colour in the first 5 minutes after ±   203  25  22  19  23  22  1+  406  22  20  20  23  23  2+  1624  15'  17  18  22  23  3+  3248  19  17  17  22  23  4+  6496  3  11·  9·  28·  30·  Total interference: -22 -11 -10 +5 +8 High   ±   203  56  54  51  56  53  1+  406  52  49  47  53  51  2+  1624  42·  44·  41·  50·  48·  3+  3248  33  40  35  49  46  4+  6496  23  33  27  51  49  Total interference  -33  -21  -24  -5  -4 'Starting point of significant error. starting diazotisation, and then the rate of colour development slowed down and gradually reached a plateau in 10 minutes. For direct bilirubin we shortened the diazotisation timing down to 30 (AA-II) or 55 (AA-I) seconds, which is similar to those of the Jendrassik-Grof method.
Lokkha
The present analytical manifolds also yield excellent percentages of steady state and small interaction between samples ( Table 1) and acceptable reproducibility of total and direct bilirubin values ( Table 2 ). Higher coefficients of variation in the day-to-day run may be due to the instability of bilirubin in pooled samples stored at -20 o C rather than the shortcomings of the present method. Recovery (Table 3 ) and the range of expected values for total and direct bilirubin by the present study are similar to, and compare well with, the previous continuous-flow analyses.s 3 In the interference study, significant positive errors start to appear in samples with moderate haemolysis if the method is run without serum blank substraction (Table 5) ; the error is more obvious in the total bilirubin channel as the haemoglobin concentration is increased. For direct bilirubin in the lower ranges, significant positive error will occur in samples of moderate and marked haemolysis if the method is run without serum blank. However, this interference has a negative effect in samples with a high direct bilirubin level. Therefore, the present method requires the running of the serum bilirubin blank only in samples of moderate or marked haemolysis. In any case, inclusion of the serum blank correction cannot correct the suppressive effect of haemoglobin on the values of total and direct bilirubin in either the present or the Jendrassik-Grof methods ( Table 5 ). False-positive errors in total and direct bilirubin values will occur as a result of moderate turbidity if the present method is run without a serum blank correction (Table 6) . CONCLUSION The present method for serum bilirubin offers several improvements: 1 simplicity of the analytical manifolds plus the use of low caffeine (9 gil) and the substitution of distilled water in place of 0'05 mol/I HCI for direct bilirubin which resulted from our study;" 2 agreement in range and mean percent relative ratio of direct to total bilirubin with those of the Jendrassik-Grof method (Table 8) when purified total bilirubin is used as standard;
3 high linearity of up to 216 mg/l ; 4 stability of reagent baseline and low instru-Lolekha mental noise and drift as the result of using low caffeine concentrations; 5 it is unnecessary to perform serum blankc orrection for normal samples and for those with slight haemolysis or turbidity; 6 reliability in use under our routine operating conditions and as performed by four laboratory personnel for more than eight months.
Note
We found that it is adequate to calibrate the direct bilirubin channel (AA-II) once a week. If the same AA-II equipment must be used for other tests, simply reset the STD CAL indicator to the appropriate number of 2·34 and 1·81 for total and direct bilirubin, respectively, when serum bilirubin determinations are analysed the next day.
We suggest that the sample pump tubing between the total and direct channels be matched when the manifold is constructed, since direct bilirubin values must be obtained from the same calibrated standard of total bilirubin. I am greatly indebted to Professor Natth Bhamarapravati, chairman of the Department of Pathology, for his support in this study; the National Research Council of Thailand for financial support; the Technicon Instrument Corporation, Tarrytown, NY, USA, for giving a complete AutoAnalyzer I system to .this hospital; Mr Phillip J Isaacs, managing director of Technicon Equipment Proprietary Limited, Australia, for the serum bilirubin methodology; and Miss Aroon Wongvibulsin and Miss Absorn Chaichanacharoenkul for excellent technical assistance.
